Sakarya is famous for cucurbit productions in Turkey and cucurbits can grow as big as 560 kg of weight per fruit in its agricultural areas. There is no or limited information about contaminant levels and profiles of the agricultural fields in Sakarya. The purpose of this study is to investigate the levels of polycyclic aromatic hydrocarbons (PAHs) (Naphthalene, Phenanthrene, Pyrene, and Fluoranthene) and heavy metal (As, Cd, Cu, Cr, Ni, Pb, Zn) concentrations of the selected fields. Total 33 soil samples were collected from 12 Counties of Sakarya where both cucurbits have been produced and organochlorine pesticides have been applied to the fields for than 30 years during the historical plantation periods. Heavy metal and PAH contents in the soil samples were measured by an Inductively Coupled Plasma Emission Spectroscopy and a Gas Chromatography-Mass Spectrometry. The highest Phenanthrene, Pyrene, and Fluoranthene concentrations were measured as 63.50 ng/g, 134.34 ng/g, 140.0 ng/g, respectively in the soil samples from Geyve country. Cu, Ni, and Cr concentrations were measured as 108.2 mg/kg, 219.9 mg/kg, and 173.1 mg/kg, respectively in Geyve's samples which were also the highest and 2-7 times more than the limit values given in the Turkish Soil Pollution Control Regulation. Precautions need to be taken for Sakarya's agricultural fields which are important milestone of Turkey's cucurbit and fruit productions since the contaminants can be accumulated in the fruits and edible parts of the plants.
Introduction
Agricultural soils contaminated with pesticides, polycyclic aromatic hydrocarbons (PAHs), and heavy metals are of great concern all over the world. PAHs produced by natural processes and human activities such as coal gasification, refinery operations, and incineration may accumulate in the soils [1, 2] . These pollutants in the air can spread out with the atmospheric movements and travel to the long distance until settling down to the surfaces of soil and water bodies [3] . Therefore, even if there are no agricultural activities in the Arctic, bioaccumulation of PAHs, heavy metals, and pesticides in arctic plants and animals have been commonly found in screening and monitoring studies for many decades [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Once adsorbed on to soil, they are relatively stable and their degradations in the soil are much more difficult than many other organic compounds, resulting in accumulation in soil structures over the time. PAHs may cause vital problems such as carcinogenic and mutagenic effects on organisms by accumulating along with the food chain from soil to plants and they are well known as recalcitrant and lipophilic contaminants [14] . In this regard, there are many studies that indicate their accumulations and harmful effects from crops and wild plants such as Spartina alterniflora to fish [15] [16] [17] .
Heavy metals are also stable in the environment and may enter to terrestrial trophic chain from both natural and anthropogenic sources [18] [19] [20] . Heavy metals are released from anthropogenic sources such as mining, fossil fuels, urban wastes, fertilizers, industrial plants, and runoff over the contaminated sites into the agricultural soils [21] [22] [23] [24] . The toxicity of metals depends primarily on valance state, organic and inorganic forms, solubility, physicals state, purity, and sorption rates. For instance, trivalent arsenic (As(III)) is generally more toxic than pentavalent As(V) [25] , similarly, hexavalent Cr(VI) is highly toxic and mobile [26] and approximately 100 times more toxic than trivalent Cr(III) [27] . The effects of metal toxicity can 1 be various based upon their valance states at where they form poisonous soluble compounds and complexes in aqueous phase solution. In general, heavy metals such as cadmium (Cd), lead (Pb), arsenic (As) and chromium (Cr) create toxic effects by complex formations with organic compounds even at low concentrations [28, 29] . Those metals can enter to the roots through symplastic or apoplastic pathways because there is no need to a specific transport system for their uptake by plants. Thus, heavy metals damage to the mineral nutrition of plants by competing with essential mineral nutrients [30] . These metals not only accumulate in plant tissue or cell compartments after their uptake but also they inhibit metabolic functions and growth, resulting in death of organisms.
Metals such as iron (Fe), zinc (Zn), copper (Cu), nickel (Ni) known as micronutrients are necessary for plants. Although their presence in trace (10 mg/kg, or mg/L) or in ultra-trace (1 µg/kg, or µg/L) amounts in the environmental matrices is sufficient for the plants [31] , they are toxic for living organisms at high concentrations [32] . Metal deficiency and toxicity plays a crucial role in plants since they are involved in many physiological and metabolic processes such as respiration, photosynthesis, and biosynthesis of hormones. Such negative effects of heavy metals on plants may over time lead to the complete disappearance of natural vegetation in the contaminated areas over the time.
The anthropogenic contribution of the metals in the biosphere is increasing day by day due to industrial and urban activities. This situation raises gradually the pressure on the environment.
Phytoremediation, soil amendments such as nanoparticles and sorbents, soil washing with biosurfactant may use to remediate the fields contaminated with inorganic or organic pollutants [33] [34] [35] [36] [37] [38] [39] [40] [41] . However, this is out of scope of this research. The problems of contaminated sites have also begun to emerge in Turkey's heavily industrialized regions. Sakarya province is one of the 2 most contaminated sites in Turkey. Presumably, this situation has been created by both industrial activities in heavily polluted regions and agricultural uses of the lands for many decades. It is reported that Cucurbita pepo spp. pepo has the ability to extract Persistent Organic Pollutants (POPs) such as p,p'-DDE and Chlordane from the soil and the amount of extracted POPs in plant compartments varied based upon plant type and sub-species [42] [43] [44] . The biggest Cucurbita Moschata in Turkey, growing as big as 560 kg per fruit, are obtained from agricultural fields of Sakarya every year. Approximately 10% of the fruits and 5% of the cucurbit productions of Turkey are obtained from agricultural fields in Sakarya [45] . Presumably, pesticides and soil amendments have been excessively used to obtain enhanced crop productions in the fields of Sakarya for many decades and Organic and inorganic pollutants might be accumulated by the plants, crops, and fruits grown in the fields. Unfortunately, there is no or limited information about contaminant levels in agricultural areas of Sakarya [46] . This study investigates the levels of PAHs (Naphthalene, Phenanthrene, Pyrene, and Fluoranthene) and heavy metals (As, Cd, Cu, Cr, Ni, Pb, Zn) in agricultural soils at where both cucurbits have been produced and organochlorine pesticides have been applied to the fields in Sakarya for more than 30 years during the historical plantation periods. This research may lead to a further investigation of heavy metal and PAH accumulations in the food chain.
Material and Methods

Sampling Site
Agricultural fields is Sakarya were carefully selected among the fields based upon a "yes" answer 
Analysis for Heavy Metals.
All soil samples were extracted using a slightly modified method that had been previously published [48] . Soil samples were dried at room temperature for 7 d. The samples were sieved through a 16-mesh screen to remove impurities. Then two portions of soil samples were used for moisture content estimation and digestion purposes. 
Quantitation of PAHs in Soil
Dried soil samples at room temperature for 7 d were sieved through a 16-mesh screen and divided into two fractions. For the first fraction, 1.0 g of soil samples was kept in a oven at 105°C 
Results and Discussion
PAHs
PAH concentrations were given in Fig. 2 . Naphthalene, Phenanthrene, Pyrene, and Fluoranthene concentrations ranged (1.64-20.34 ng/g), (4.24-63.5 ng/g), (1.29-134.44 ng/g), (1.34-140 ng/g), respectively. Based upon the results, except Naphthalene concentration, the highest PAH levels were obtained from a sample called GEY-1 collected from Geyve County. The busiest highways in the region pass through the Geyve. Similar to our data, the high levels of p,p'-DDT and p,p'-DDE concentration were reported in agricultural soils in Geyve [46] . Second high PAH concentrations were measured in KOC-1 sample from Kocaali County at where agricultural areas lie along with coast of the Black Sea. Kocaali County is close to Istanbul which is the most crowded city in Turkey and its population increases 5-6 times in the summer season due to tourism. The most common ways of Pyrogenic PAH sources are released from combustion of 6 petroleum, coal, and exhausts of motor vehicles Telli-Karakoc et al. [50] reported that PAHs appear in most urbanized coastal areas of Turkey.
Heavy Metals
Ni, Cu, and Zn concentrations, known as micronutrient elements, are shown in Fig. 3 . Ni concentrations in the soil samples ranged from 3.0 to 219.9 mg/kg with an average value of 67.1 mg/kg which is statistically significant (p < 0.05). Nickel concentrations in 78% of soil samples were above the threshold value which is 30 mg/kg given in the TSPCR. For Ni concentrations, Geyve, Sapanca, Adapazari, and Pamukova Counties (GEY-2, GEY-3, GEY-4, GEY-5, SAP-1, ADA-2, PAM-3) were found to be the most contaminated fields. Similar to our data, Altundag et al. [52] also reported that the Ni concentrations in the samples from Geyve were the high levels. Duman et al. [53] reported the toxic Ni concentrations in surface sediments of the Lake Sapanca. Similarly, the same pathway for Ni was observed in soil samples collected from the roadsides where the major highway passes through Sapanca County [54] . Different nickel compounds such as acetate, nickel carbonate, nickel hydroxide, and nickel sulfate are used as a raw material in textile plants and other industrial processes commonly found in this region, resulting in increases in the environmental samples [55] . Plant growth and development are negatively impacted by Nickel toxicity due to adverse effects on the nitrogen metabolism of a living organism [56] .
An excess amount of Cu may lead to irreversible metabolic problems despite being an essential micronutrient for plant growth. In our study, Cu concentrations in the GEY-1 and GEY-5 samples showed significant differences and ranged from 105.9 to 108.2 mg/kg soil which is 2.16 times more than that of the value given in TSPCR. There was no statistically significant difference between the other samples except GEY-1 and GEY-2 samples (p < 0.05). Our data showed that soils in Geyve County were the most contaminated with Cu and as well as other heavy metals. The similar pathway was seen in p,p'-DDE concentrations in agricultural soils in Geyve [46] .
A 10-15% of total fruits productions of Turkey was produced in Geyve, Sakarya [45] . Sakarya River, the 3 rd longest river with a length of 824 km in Turkey, flows northward through Geyve to drain into the Black Sea and most of the agricultural fields in Geyve are watered from the river during the growth season. Organic and inorganic pollutants in the Sakarya River might be accumulated in agricultural soils during the uses of river water. Similar to our results, high Cu levels and organochlorinated pesticides was reported in previous publications [46, 52] .
Cr, Pb, and As concentrations are given in Fig. 4 . Cr concentrations ranged from 4.2 mg/kg to 173.1 mg/kg with an average value of 46.8 mg/kg. Cr levels in GEY-2, GEY-3, and GEY-4 samples were 173.1 mg/kg, 149.5 mg/kg, and 129.4 mg/kg, respectively, and all of which is more than the value of TSPCR which is 100 mg/kg. Samples from Geyve County (GEY-2, GEY-3, GEY-4) were most polluted by Cr, Pyrene, and Fluoranthene as well as other metals. Presumably, anthropogenic activities such as leather tanning process, electroplating, and application of pesticides having inorganic elements could be the main sources of Cr in the soils of Geyve
County [26] .
Average As and Pb concentrations are shown in Fig. 4 Consequently, caution should be taken when sustainable uses of natural resources and protection of the Lake Sapanca from organic and inorganic pollutants. this study covers local data on some heavy metal and PAH concentrations of the cucurbits produced soils in Sakarya, it will lead to detailed research on the agricultural soils of Turkey.
Conclusions
Precautions need to be taken for Sakarya's agricultural fields which are important milestone of Turkey's fruit production since the contaminants can be accumulated in the fruits and edible parts of the plants. 
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